A Study on Multistage Centrifugal Pump Performance Characteristics for Variable Speed Drive System  by Rakibuzzaman,  et al.
 Procedia Engineering  105 ( 2015 )  270 – 275 
1877-7058 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of organizing committee of the 6th BSME International Conference on Thermal Engineering (ICTE 2014)
doi: 10.1016/j.proeng.2015.05.109 
ScienceDirect













9&	 ($	 $	 	 %	&	 $	 	 "	 3	 $	 	 	 	 	 		 (	
$		%&				&	!"(3	$	$		"$	&	(	"	:		&	+$		
$	 %	 	 	 %	 	 	 &	 ""	 $	 %	 	 &	 	 !"	 $	 (	 "	 $&	 	 	
	 "	 $	 (	 "	 (	 "	$	 ($	 $	"	 "	 %	 	 &	 ;	 "	
$&		<		$	(	"	&		$		"	"	($	$	(	$"		4=3	>=3	=	
$				""		%	(		&	$	.	"	%			&3			
	 	 	 %	 	 %	 (?$&	 	 	 	 "	 <	 &	 #	 $	
			(		"	$	(	(	"			%&	(	"	$			
	 	 "	$	 	&	 ((	 	 	 (	(	 "	$		 &)	;	 "	$	 &3	 "	9
,2	?$		)	%&	"	(	$	"			?$		$%$	,,!		$	(	



















© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of organizing committee of the 6th BSME International Conference on Thermal Engineering (ICTE 2014)







#	 	 3	 $	$	$	G	(	 "		 	 &	 EHF	!"	 &	((&	(	 	
&			&		 "		(	 "	$	%$	3			 3		 	2			 &	
	E03F	!"		(			"	&		"	"	$		&	(			?$		"	
$		 &	"	 	 ?$	 $$&	;	 "	 	 &	(	$	3	 (	 	$	"	 "	




















&	 (	 &	 	 (	 	 (	 (	 .	 "	 $3	 &	 "&&	 	 	
		J		HJ	%&	$	"	/;J			$		(($			"	$	(	
"	 "	 	 	$	 ($$	 	 $	 	 "	 $	(	 "	 (	 "	 (	 	 E3	 HF	
+"	<		$	"	"	%			"	%$	 	"	$	(	 "	
""&	<	(		"	$			($	$	E0F		
.	 "	3	 "	 $&	 	 ($		 "	$	(	"	(	 "	$	($	$	
"	%			&	!"(		<		$		$	(	%"	"		$		"	
$	 	 	 !"	 $	 (	 	 $	 %&	 "	 	 (	 	 (	 "	 %	 	
	 	 %&	 	 !"	 &	 "	 $	 $	 (	 %"	 (	 	 $	 	 "	 $	 	
	#3			"	$	$	""				"	$	(		((		










272   Rakibuzzaman et al. /  Procedia Engineering  105 ( 2015 )  270 – 275 
 $	%&	% ((	""	(	?$	%	"	"			 $	"(	?$	
$	%&	?$		""	 		"		(	!"	"	  $		"
$	(	"(	?$		$	& 4&$				%&	"		(	" &	$		"
($ 
((&	 $		"  (	"&$			"	
.			$	"	&	"	(		$3 " $					"	((	(		
	"			2 !"	(	 	(<	"	"		(					($			"	
 H*	 !"	$&		"			(			"	 2	"	"	$		;	
"	"	$				(	"		$  	"	"		(						"	
	 2	7"	" " 3	(			&	"	  2	#&		$	








.		  $ "	$	(	(	%"	<		$	$			 	$
$	"3	"&$	3	"			"&$	((&	.	$	3	"&$	"		




!	 	 "	 <3	 $	 $	 	 $ !"	 &	 (	 	 <	 	 ($	 $
	 	 (($	 	 $	 (	 "	 %&	 #9,8,	 ./
-/;L0	 #&	 .3	 3	 M,# 
"	 (	
3	(($3	 	3		$		"	" $$ "	 	""	 "	 	




	(($  		&	 !"	 (		<		$	($	$	
	 "	 $&	 	 "	 	 ; H% !	 $	 " $	 $@ 	 $	 "	 	 ?$ (	
($	$3	"	(	$		B		"  %3	&	(3 
"	$%$	(	$	"	,,! "			$%$ 		$		9	($		"
""& 		 	"	 "	 $ !	 $	 (	 "	 $3	 " "
&	 (	 "	 ($	 (	 	 %	 	 "	 $&	 	 $	 ?$	 E*3	 F	 !" $&	 
$	?$		<	 















































































7"	  	"	&	3			"	$	3	7	"	&3	9		"		3	 :9: 	"	
	$%$		38		"	&	&	
!"	 &;	 %	 ,,!	 	 $	 (	 "	 	 (	 "	 $%$	 "	 	 	 ""&	 $	
	(	"			"	$	(	(		$		$		!"	$2	$%$	




































































.	 	 	 	 "	 $	 "3	 	 	 (	 "	 <	 	 "	 $	 	 	
	 $ ;	 0	 "	 "	 $	 "3	 ((&	 	 	 (	 "	 &	 $	 (	 ((	 (	 	 "	
((			;	"	"		%	"				%	"	<		$	
		"	"			(	"	"	$		&	0G	!"	""		($	(	*G(	"	
""	 (			H	 		 "	((	 (	&	 "			 	 "	G	#	"	 "	
	 (	 "	 	 	 "	 "	 	 %	 $$&	 	 !"	 $	 "	 	 "	

















274   Rakibuzzaman et al. /  Procedia Engineering  105 ( 2015 )  270 – 275 














($3	"	 "		$	 "			 	 
	 	 H*	 	 !"	 &	 "	 	 











%	"	 "	 	 & (	 $	$	 %
3	 " 	 	 	 	 "	 &





	 "  	 $	 	 !"	 &
%$	(		$





$	 	 $	%&	 $	 "	$	 		 "	 $
	  #	 "			 "		(		





	 "	%	 ((&		 	 "		 (	 	 	<









	 $	 	 	 	 	 ;	 %	 	 	 $
	 $	 "	 "	 $	 "	 (	 	 "	 	 $

















































EF	 #3	 S 63	 	 J 	 /3	 $	 #
#3 H  K 0H0









EF	43 -'3 43 6		3	9$	&	(	"	(
0		*
EF	,"$3 8	6	 	3 .(($				
EHF	#2"3	# 	3 !"	 (		 ($		 "	 
-"&3	 0	0 HKH


















		-3 0K 3 ***H
	$	#	H
	 	 "	 $	 	 /"	 .$&3	 .















($	3	S$	(	!$%"& 3	 0  *
	(		 	$			 "	(($3	 .	S$	(	1
(	 "	&	((	$	 	 $	 	 		($	$
	(	"&$	(		3	.	,
3	9	823 KK
1(	$3	/;L	!$3	/;L	M:	T$3	/;L,	-
	
!"
&	
	(	
3	

3	

	
